Great Ormond Street and the other paediatric hospitals founded in the 1 850s and 1 860s were intended for the observation and nursing of sick children and not for the reception of accident cases, traditionally the responsibility of general hospitals, nor for much surgery of any kind but the very simplest. Limited size and funding required the most careful use of available beds and, since children needing operations were admitted to other hospitals, it seemed sensible to reserve the new accommodation for children with diseases not previously deemed suitable for inpatient care. Furthermore, at the time major surgery was frequently lethal due to the common incidence of ill understood post-operative sepsis, so the best way to avoid unpleasantly high mortality rates was to curtail operative procedures. Gradually this policy was changed, in part because the steady growth in size of most hospitals allowed for more liberal admissions but also because improved surgical techniques and attention to the prevention of sepsis were reducing post-operative morbidity and mortality. During the nineteenth century, however, most surgical innovation was undertaken in the general hospitals and then, if and when established as feasible, performed in the paediatric institutions. Greater risks could be taken in the established hospitals, with a long tradition of surgery, and they also had larger departments and the specialized nursing staff essential for successful intervention.
suffering from diseases peculiar to, or modified in some important respect by, their early age. ' As indicated by Thomas Twistington Higgins, Charles West and some of his colleagues did not wish to appoint a surgeon to the staff of the hospital because in 'their opinion that there were no surgical problems in childhood which demanded special skill or study; that, therefore, no such appointment was required'.2 In the pre-anaesthetic era surgery for children had been more or less confined to the lancing of abscesses, the amputation of limbs and the removal of bladder stones, all conditions where a youngster would be treated much the same as an adult. Also, since children under the age of two years were to be excluded from admission to the paediatric hospitals, congenital disorders requiring surgery, such as imperforate anus, hare-lip and cleft palate, could be ignored. Chloroform, which was to be the standard anaesthetic agent in British hospitals, was introduced only in 1847, so West may not have appreciated how extensively this new agent would enhance the practice of operative surgery. His attitude also reflected the age-old contention that medicine was the more intellectually demanding and therefore superior branch of the profession.
Nevertheless, one surgeon was appointed at Great Ormond Street. Similarly, the Birmingham Children's Hospital, which opened in 1862, was also intended for medical cases but, as indicated by Rachel Waterhouse, here again it was found necessary to provide for the performance of minor operations.3 More simply, the Edinburgh Children's Hospital, founded in 1860, made no provisions whatever for the admission of surgical cases which continued to be received and treated at the Edinburgh Royal Infirmary.4 The attending surgeons from the Infirmary kept pressing for surgical beds at the Children's Hospital but, as late as 1871, the directors of the latter institution regretted their inability to establish a surgical ward and theatre because of lack of funds and space.5 Later, closure of the fever wards freed beds which were appropriated for surgery in 1887. Nevertheless, most paediatric operations continued to be performed at the Infirmary until 1895, when the Edinburgh Children's Hospital was moved to a new, larger site. In contrast to all of the above, when a small paediatric hospital was established in Liverpool in 1859, the planning committee decided to exclude all fever cases and instead to admit surgical cases, mainly children suffering from chronic orthopaedic disabilities or what was then known as scrofula.6 Complicated surgery was not envisaged at Liverpool but rather the provision of good food and nursing, and complete rest as required by children with long-term diseases such as scrofula of the bones and joints.
At Great Ormond Street the provisional committee finally voted to appoint a surgeon and insisted that he should be well qualified, a fellow of the Royal College of Surgeons of England. For it very rapidly became obvious that, whatever the regulations about inpatients, and even with victims of accidents excluded, a large proportion of outpatients would be surgical cases. Although all the children attending were supposed to be recommended by subscribers to the hospital, many were brought by anxious parents or friends without any letters of introduction. Either way far more children with chronic surgical problems presented themselves than could be cared for and governors to the hospital were soon complaining that patients they had recommended were being turned away. So much so that in May 1857 the medical committee proposed the following clause be added to the annual report to explain the rejection of patients sent with subscribers' letters:
Many cases of rickets, of hip-joint disease or of scrofulous disease of the spine, or of the joints, are of necessity refused: either because they are quite incurable, or because they require nothing but rest for many months, or because good diet and fresh air for months or years are essential to improvement; and the reception of such cases would convert the hospital into an asylum for sickly children, instead of a place for the treatment and cure of the diseases of childhood.7
The above announcement would be repeated in each annual report. The aim was to mollify subscribers and governors while trying to avoid filling the hospital with chronic surgical cases, as would initially happen at Liverpool. To Nevertheless, no one found current post-operative mortality rates encouraging and controversy as to causes persisted. In the late 1 860s, Holmes was once again defending the salubrity of metropolitan hospitals, this time in answer to Sir James Young Simpson, who had revived the proposition that rural institutions were safer than urban ones mainly because they were smaller and less crowded.'5 Statistical returns on death rates after amputation supported Simpson's contention that survival was more likely in rural practice but his solution, to build hospitals as separate units, or 'villages', rather than as massive structures, was neither practical nor appealing to city dwellers and ratepayers. Least of all was it attractive to surgeons who had no desire to see their convenient bases of operation closed down and replaced by small, scattered institutions. So they argued that the cause of higher mortality in city hospitals was not intrinsic to institutional structure but due instead to types of patients treated. 'Is it not a reasonable and probable idea', asked Holmes, 'that the simpler and healthier habits of the rural population render them more capable of resisting the shock of injuries or operation? In the case of injury', he continued, 'may not the general run of injuries demanding amputation in the country be less hopeless than those seen in large towns'? 16 Debate continued but the Nightingale-Farr-Simpson opinion that defective hospital sanitation rather than patient constitution was the root cause of sepsis generally prevailed in modified forms. In 1874, John Eric Erichsen, senior surgeon to University College Hospital, pointed out that among the London hospitals the percentage of post-operative deaths attributable to sepsis varied extensively even though there was little difference in health or status between patients treated.'7 Yet he did not agree with Simpson's thesis that mortality from septic disease increased in direct proportion to the size of the hospital, since the largest metropolitan hospital-St. Bartholomew's-was currently reporting the lowest death rate from sepsis. In the opinion of Erichsen, acute pyaemia developed as 'the result of exposure of wounds to an atmosphere overcharged with organic matter emanating from other patients with suppurating wounds'.'8 Overcrowding of wards with patients suffering from septic lesions was therefore a critical factor in inducing 'hospitalism'.
Erichsen then discussed factors, other than the state of the wards, which might contribute to the high rate of mortality then associated with amputation of limbs. Having dismissed the skill of the operator and the constitution of the patient as more or less 6T. Holmes Listerism developed by the 1870s were more acceptable to British surgeons because they were simpler to apply, did not involve the constant use in the operating theatre of the cumbersome carbolic spray and, perhaps most importantly, depended on the acceptance of miasma rather than air born germs as the cause of wound infection.20 'Scrupulous attention to cleanliness', to borrow Erichsen's insight, was the critical factor in these alternative methods. The above historians further insist that these methods, rather than Lister's antiseptic technique, were the forerunners of aseptic surgery later in the nineteenth century because of the shared insistence on absolute cleanliness not only of the wound an-d the surgeon's hands and instruments but also of the whole environment in the operating theatre and wards. Lister was originally unperturbed by extraneous dirt. He relied on carbolic dressings and the spray to destroy the germs that could cause putrefaction of the wound and was quite laggard in accepting the ritual of asepsis which he thought unnecessary if the antiseptic method was properly applied. In the 1860s and early 1870s, when so many paediatric hospitals were instituted, the debates on hospital infection were mainly conducted on miasmic principles, involved all aspects of institutional care, medical, surgical and outpatient, and were often based on an uneasy feeling that once a building was thoroughly infected it was unreclaimable. The governors of the Manchester Children's Hospital were so convinced of the inevitability of atmospheric pollution at Bridge Street that they arranged for a new hospital to be built at Pendlebury, a rural area about four miles from the city centre. Opened in 1872, and initially costing the then impressive sum of £23,000, Pendlebury Hospital was built on the pavilion plan recommended by Florence Nightingale.2' Special ambulances and a private telegraph service were instituted to ensure speedy communication with the outpatient department which remained at Gartside Street, Manchester. Other children's hospitals also took measures to reduce pollution varying from improving toilet and washing facilities to abandoning their original sites and relocating in new or improved buildings, with the need for expansion as an added justification for the expense involved. Yearly sanitary inspections of institutions, paid for by the hospitals themselves, also became the rule.
While the children's hospitals were prepared to police themselves, investigation from outsiders was discouraged. In 1871, Lawson Tait sent a circular to over 300 hospitals requesting information as to the number of beds, the number of inpatients and the number of deaths for the decade 1861 to 1870.22 In 1876 he again applied for the same statistics for the years 1870-1875. Apart from the Birmingham Children's Hospital, which was forthcoming on both occasions, the returns from the paediatric hospitals were disappointing to Tait. Great Ormond Street sent reports he found defective, the majority of paediatric hospitals merely replied to the first request, and the two Manchester hospitals ignored both. Since, in 1871, the Manchester Children's Hospital was about to move to Pendlebury, its governors may have felt that any previous statistics were irrelevant. But overall one gets the impression that the managers of the children's hospitals were avoiding the dissemination of information that might serve as adverse publicity for their still fragile institutions. Lawson Tait used the statistics gathered as the basis of his Essay on Hospital Mortality, published in 1877.
With respect to surgical mortality, antisepsis, scrupulous cleanliness and finally asepsis had their impact. Associated in time with these changes in surgical practice was reform in nursing, leading to the staffing of surgical wards with women trained to understand and carry out the imperatives of asepsis.23 As death rates from infection declined, more ambitious operations were performed not simply to save life or to rectify completely disabling deformities, but now also for less pressing reasons. For example, in the preantiseptic era bandaging or splints were used to correct the often severe leg deformities caused by rickets, a very common disease in the nineteenth century. In 1852, Dr. Meyer of 23This association was pointed out to me by Christopher Lawrence, who notes that many of Lister's contemporaries believed that the increasing success of wound management was not due to any revolutionary method of treatment, but to 'the banishment of fevers from the wards which, in tum, . . . derived from general sanitary, dietary, nursing, and architectural reform', Lawrence and Dixey, 'Practising on principle: Joseph Lister and the germ theories of disease', in Lawrence (ed.), Medical Theory, Surgical Practice, p. 157.
Wurtzburg introduced the operation of osteotomy (entailing partially dividing the shaft of femur or more commonly the tibia, straightening the limb, and then treating it like an ordinary compound fracture) to deal with severely distorted, refractory cases. Because of the risk of sepsis, osteotomy was rarely performed until the mid-1870s. From then on, however, it became an accepted manner of correcting deformity in older children whose bones were no longer sufficiently plastic to be straightened by splinting.24
Holmes's 1868 textbook and his Great Ormond Street case notes for the years 1861 to 1867 provide valuable insights into paediatric surgical practice in the pre-Listerian era (see Table 11 ). The majority of his inpatients were suffering from necrosis or sepsis of the bones and joints. Of these a large number were almost certainly of tuberculous origin but not necessarily so recognized at the time. Holmes himself, like most surgeons, subscribed to a diagnosis of struma, or scrofula, sometimes defined 'as being the constitutional diathesis which leads to, or which at the least tends to favour, the deposition of tubercle'.25 On deeper analysis, however, Holmes found this definition objectionable because it was too definite, too unyielding. Since, in his experience, many cases of scrofula made a good recovery without any evidence of becoming tuberculous, it seemed more practical to consider the 'scrofular diathesis' as separate from the 'tubercular' one.
At the time scrofula and tuberculosis were commonly regarded as independent constitutional or 'diathetic' diseases.26 What was inherited, according to this theory which had its roots in Hippocratic medicine, was the liability to acquire tuberculosis or scrofula given the appropriate environmental trigger. The predisposition was hereditary not the disease itself. The 'tubercular diathesis' was thought to be commonest in active children, with a highly developed nervous system, clear complexion, bright eyes, and slight build, representing the 'sanguine' or 'nervous' disposition. In contrast, a 'scrofular diathesis' might be suspected in dull, heavy, lethargic children, with a muddy complexion, -coarse skin, and other signs of a 'phlegmatic' constitution.27 The humoral origins of such typing are too obvious to belabour, and even French physicians such as Jean Guillaume Lugol, Frederic Rilliet and Antoine Barthez, who believed tuberculosis and scrofula to be identical diseases, held to a constitutional origin.28 In France the unified theory did make headway, but German and British physicians were more sceptical, in part, ironically enough, because of their greater reliance on the new science of microscopy to determine pathology. This line of investigation added to the confusion by multiplying perceived variations in cell types and forms to be found in scrofular and consumptive lesions: Nevertheless, by mid-century much more was known about the pathology of scrofula and phthisis. The latter condition was recognized as due to the presence of tubercles in the lungs. It was also accepted that not only adults but also children and babies were liable to pulmonary tuberculosis with the proviso that in the very young tubercles were rarely confined to the lungs but were often disseminated in other organs including the meninges. Thus many previously mysterious ailments of infancy, such as acute hydrocephalus, were established as being of tubercular origin and the term 'tuberculosis' used to designate them all. Difficulties arose with the scrofular affections because they were sometimes, even frequently, but not always, associated with the formation of tubercles. For many French physicians the evidence was sufficient to establish unity. Fr6deric Rilliet and Antoine Barthez discussed all forms under the category of diathe'se scrofulo-tuberculose in their influential Traite clinique et pratique des maladies des enfants (1854). But in Britain the more conservative tendency to retain two separate diatheses held sway. In the 1 860s, both West and Holmes wrote about the two conditions as distinct.30
Most of Holmes' patients were seriously ill and in, his opinion, beyond the stage when rest, good food and good nursing might have affected a cure. In the more fortunate, infection had localised to form an abscess which could be opened and drained. Frequently, underlying necrosed cartilage or bone required scraping out, but if most of the dead material was removed, and further infection did not supervene after surgery, the child had some chance of recovering with a serviceable limb. In more advanced disease, the choice was between resection of a joint and amputation. When the primary illness was osteomyelitis, or inflammation of the bone, chronic disease entailed the gradual dying off of bony tissue and, if this could not be removed in time, amputation of the limb was the only solution. If the joint was the primary site of infection, as so often occurred with 'scrofula' or tuberculosis, then some surgeons, including Holmes, would consider the possibility of removing the joint in preference to amputation. After resection of a joint, for example the knee, splints would be applied so that the raw ends of the tibia and femur were in apposition and, if all went well, bony fusion would gradually ensue. This would take months, even years, and the child would be left with an ugly, stiff, shortened, but serviceable limb. Unfortunately, much could go wrong. Fusion would not occur if complete immobility could not be maintained, as happened all too often with knee joints, and infection was commonplace. Then amputation, a quicker and safer operation in the first instance, would be the only remaining option. Although the more conservative 29 Holmes himself believed, in 1868, that he had practised the operation of hip excision on children more extensively than any other surgeon. While at Great Ormond Street he had performed more than 20 such operations, for 19 of which the records are preserved (see Table 11 ). Seven of the 19 children died, one almost immediately after the operation, one of gangrene of the wound, and the other five of pyaemia. Three more recovered from the operation, only to die later, one from an independent illness and the others from the original disease. Of the nine long-term survivors, three recovered completely, three had useful limbs but with chronic sinuses, and three were hardly benefited, if at all. The operation entailed opening the joint and sawing off the head of the femur at the level of the greater trochanter. At the pelvic end, the acetabulum was cleaned and scraped. While the child was still under anaesthesia, the limb was placed in an extended position and held there with a weight and pulley. The usual result, according to Holmes, would not be bony union which was undesirable, but instead the stump of the femur would be drawn into the acetabulum, and held there, by the common tendon of the psoas and iliacus muscles. If successful, the leg would be shortened but the child could walk. Years of reasonable activity could be anticipated although presumably arthritis would set in later in life. Yet, given the high postoperative death rates, both long and short term, and the many children that remained invalids, some of Holmes contemporaries considered resection of the hip joint unjustified. Surgeons who favoured the operation argued that the high fatality rate was due to surgery usually being performed when the child was in extremis, and that excision of the hip should be undertaken sooner, 'as soon as caries of the joint had been diagnosed with certainty .
With the introduction of antiseptic methods excision of the hip became safer and more popular. As early as 1875, Thomas Annandale, surgeon to the Royal Edinburgh Infirmary, reported on 22 cases of excision of the hip of which 6 were young persons seventeen years of age or older, while 16 were children aged five to sixteen years.34 None died from the immediate effects of the operation, but two of the young adults and three of the children died several months after surgery from local and 'visceral' complications. Annandale thought that these favourable results, the best thus far reported by any British surgeon, were due to the consistent employment of Listerian antisepsis and to the performance of surgery at an early stage of disease.
Not all surgeons were persuaded. In 1877, Howard Marsh, assistant surgeon at Great Excision of the hip joint was most frequently performed during the 1880s, and thereafter became less popular, as did resections of other joints and amputations of limbs. In part this more conservative approach was due to the increased number of surgical beds available, allowing a certain number to be used for longer term care. Also improved survival rates meant that repeated surgery was now far more justifiable. The most conservative operation could be undertaken first and, if this measure failed, further more complex intervention carried out. Thus, instead of turning to immediate amputation, or the excision ofjoints, late-nineteenth-century surgeons more commonly advocated long term rest and splinting of the diseased limb as a first measure. If surgery became necessary the least mutilating operation could be undertaken first. As may be seen from the table of major operations at Pendlebury, 27 excisions of the hip were undertaken in 1881, but only 3 in 1900 (see Table 13 ). On the other hand, 66 patients underwent 'exploration of the hip' in 1900, whereas twenty years earlier only 4 children had their probably tubercular joint treated thus conservatively. By The chart for Great Ornond Street does not so clearly indicate the change in tactics but it will be noted that although 11 excisions of the hip joint were performed in 1893, none of these operations were undertaken in 1899 (see Table 12 ). Instead, the same year, no less than 45 children had their abscesses of the hip joint cleaned by incision and scraping, the equivalent of 'exploration of the hip'. Probably to no one's regret, heroic surgery for tubercular joints was fast becoming unnecessary. 40 Henry Ashby and G. A. Wright, The Diseases of Children, Medical and Surgical (London: Longmans, Green, 1899), p. 677.
